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WHFKQLFDO HFRQRPLF HFRORJLFDO DQG SROLWLFDO 67((3 DVSHFWV WKURXJKRXW SURMHFW OLIHF\FOH
7KHUHIRUH LW¶V DQ LPSRUWDQW EXW FKDOOHQJLQJ WDVN WR GR D UHOLDEOH DVVHVVPHQW RQ WKH RYHUDOO
VXVWDLQDELOLW\ RI LQGLYLGXDO PHJDSURMHFWV WR HQVXUH WKH WDUJHW LV PHW LQ SUDFWLFH 7KLV SDSHU
SUHVHQWVUHFHQWUHVHDUFKILQGLQJVDERXWPHJDSURMHFWDVVHVVPHQWRQVXVWDLQDELOLW\0$67KH
UHVHDUFKKDVEHHQFRQGXFWHGE\XVLQJDQHZUHVHDUFKPHWKRGXQGHUSLQQHGE\75,=7KHRU\RI
,QYHQWLYH 3UREOHP 6ROYLQJ WR IDFLOLWDWH WKH DGRSWLRQ RI HYLGHQFHEDVHG OHDUQLQJ (%/ LQ



































PHJDSURMHFWV WKURXJKRXW OLIHF\FOH LV LQQHHG WR ILOO LQ WKHJDS LQ WKH WKHRU\ DQGSUDFWLFHRI
PHJDSURMHFW PDQDJHPHQW LQ WHUPV RI GHYHORSLQJ DQG XVLQJ QHZ DGYDQFHG WHFKQLTXHV IRU
LQWHJUDWHG0$6,QUHVSRQVHWRWKLVQHHGDQHZUHVHDUFKSURMHFWRQDQDQDO\WLFDSSURDFKWR
VXVWDLQDELOLW\DVVHVVPHQWLQXUEDQPHJDSURMHFWVKDVEHHQVHWXSUHFHQWO\DWWKH8QLYHUVLW\RI





























7KH FRQVLGHUDWLRQ GHFLVLRQ PDNLQJ DQG DFWLRQV RQ PHJDSURMHFW VXVWDLQDELOLW\ &KHQ DQG
:KLWHKHDGZLWKLQDQLGHDOFLUFXPVWDQFHQHHGWRVXIILFLHQWO\DGGUHVVLQWHUDFWLYH67((3
LVVXHVLQDQHIIHFWLYHPDQQHUWKURXJKRXWSURMHFWOLIHF\FOHDQGWKHFRPSOH[LW\FDXVHGE\WKH
LQWHJUDWLYH HIIHFWV RI 67((3 IRUFHV &KHQ  KDV WKHUHIRUH FRQWLQXRXVO\ PDGH LW D






PHJDSURMHFWV LQFOXGLQJ RQH RI WKH ODUJHVW XUEDQ UHJHQHUDWLRQ SURMHFWV LH /LYHUSRRO 21(
&KHQDQG.KXPSDLVDOWKUHHLQWHUQDWLRQDOKXEDLUSRUWVLQ&KLQD&KHQHWDO
DQG WKHXUEDQ OLJKW UDLOSURMHFW(GLQEXUJK7UDPV %RDWHQJ&KHQDQG2JXQODQD WKH
UHVHDUFKGHVFULEHGE\6DUNKH\OL5DILHLDQDQG7DJKYDHHDLPVDWDVHWRIVXVWDLQDELOLW\
DVVHVVPHQW FULWHULD FRYHULQJ HFRQRPLF HQYLURQPHQWDOSK\VLFDO DQG VRFLRFXOWXUDO LVVXHV LQ
 
UHODWLRQWRSURFHVVHVDQGUHVXOWVLQRQHXUEDQUHGHYHORSPHQWSURMHFWLQWKH6DPHQ'LVWULFWRI












GHYHORSPHQW RQ VXVWDLQDELOLW\ RULHQWHG DVVHVVPHQW IRU FRQVWUXFWLRQ SURMHFWV KDV EHHQ
FRQWLQXRXVO\JURZLQJRYHUWKHSDVWPRUHWKDQ\HDUV)RUH[DPSOHWKH%5(($0%XLOGLQJ
5HVHDUFK(VWDEOLVKPHQW(QYLURQPHQWDO$VVHVVPHQW0HWKRG%5(IRUWKHDVVHVVPHQW
RI EXLOGLQJV DQG LQIUDVWUXFWXUHV DW PDLQ ZRUN VWDJHV FRYHULQJ QHZ EXLOG RSHUDWLRQ DQG
UHIXUELVKPHQW WKH VXVWDLQDELOLW\ FKHFNSRLQWV VSHFLILHG IRU LQGLYLGXDO ZRUN VWDJHV LQ 5,%$
3ODQRI:RUNDQGWKH63H$56XVWDLQDEOH3URMHFW$SSUDLVDO5RXWLQH$UXS
ZKLFKLVWKHWRROXVHGE\VXVWDLQDELOLW\FRQVXOWDQWVDQGVXVWDLQDEOHEXLOGLQJVDQGVXVWDLQDEOH
LQIUDVWUXFWXUHGHVLJQHUV DW$UXS IRU VXVWDLQDELOLW\ DSSUDLVDO WR VXSSRUWGHFLVLRQPDNLQJDQG
FRPPXQLFDWHLQSURMHFWGHYHORSPHQW,QWKHPHDQWLPHWKHUHDUHPDQ\VXVWDLQDELOLW\RULHQWHG
LQGXVWU\DZDUGVSURPSWLQJWKHEHVWSUDFWLFHLQWKHFRQVWUXFWLRQVHFWRUDWJOREDOVFDOHHDFK\HDU
7KHVH SURIHVVLRQDO LQLWLDWLYHV KDYH GHPRQVWUDWHG WKDW LW KDV EHHQ ZLGHO\ DFFHSWHG E\ WKH
FRQVWUXFWLRQ LQGXVWU\ DFURVV WKH ZRUOG WKDW VXVWDLQDELOLW\ LV HVVHQWLDO IRU SURMHFWV QR PDWWHU
ZKLFK VWDJH WKH\ PLJKW EH DW DQG LW KDV EHFRPH D QHFHVVDU\ SDUW RI ZRUN WR SXUVXH











ZRUN VWDJHV VSHFLILHG ZLWK VXVWDLQDELOLW\ FKHFNSRLQWV JLYHQ E\ 5,%$  DQG WKHVH
PLOHVWRQHVDUHGHSHQGDEOHLQGHYHORSLQJDUHVHDUFKURDGPDSIRU0$6DOWKRXJKWKHUHPLJKW
EH VRPH DOWHUQDWLRQV WR EH PDGH IRU VSHFLILF VXVWDLQDELOLW\ FKHFNSRLQWV WKURXJK HLWKHU
PRGLI\LQJWKHH[LVWLQJRQHVRUDGGLQJQHZRQHVWRUHIOHFWWKHQDWXUHRIPHJDSURMHFWVZKLFKDUH
QRUPDOO\GLIIHUHQW IURPVPDOOSURMHFWV  ,QRUGHU WRSXW WKHQLQHPLOHVWRQHVRIPHJDSURMHFW













































UHVHDUFK DQG WKH PHWKRGRORJ\ WR HQVXUH WKH XVH RI DSSURSULDWH PHWKRGV WR GHULYH UHOLDEOH
RXWFRPHV7KHOLWHUDWXUHUHYLHZFRQGXFWHGIRUWKLVUHVHDUFKKDVIRFXVHGRQWKHDVVHVVPHQWRI
PHJDSURMHFW VXVWDLQDELOLW\ DQG WKH QHHG IRU SODQQLQJ RQ WKH GHYHORSPHQW RI LQQRYDWLYH
VROXWLRQVZLWKFOHDULGHQWLWLHVRQDUHVHDUFKURDGPDSVRDVWRLPSURYHVXVWDLQDELOLW\RULHQWHG













,Q RUGHU WR DFKLHYH WKH JRDO RI WKLV UHVHDUFK D VHW RI UHVHDUFK PHWKRGV ZDV XVHG 7KH
































PDQDJHPHQW DQG WKH QHFHVVLW\ RI QHZ UHVHDUFK WR EULGJH RYHU WKH JDS EHWZHHQ (%/ DQG
NQRZOHGJHGULYHQPXOWLFULWHULD DVVHVVPHQW IRU WKHGHVLJQ &OLSVRQDQG -RKQVRQDQG
PDQDJHPHQW .RYQHU DQG 5XQGDOO  ,Q WKLV UHJDUG WKH (%/ ZDV DGRSWHG WR VXSSRUW














)LJXUH  LOOXVWUDWHV WKH GLDJUDP RI QLQH ZLQGRZV WKDW ZHUH QDPHG DQG XVHG WR GHULYH WKH
06%2.IUDPHZRUNDQGUHVHDUFKWDVNVGHVFULEHGLQWKLVSDSHU,QSULQFLSOHWKHQLQHZLQGRZ
DSSURDFKORRNVRQWKHKRUL]RQWDOGLUHFWLRQLQWRWKHKLVWRU\WKHSUHVHQWDQGWKHIXWXUHRIWKH



































ILYH UHVHDUFK WKHPHV WKURXJK WKH75,=GULYHQ OLWHUDWXUH UHYLHZGHVFULEHGDERYH7KH WKUHH
NQRZOHGJH GRPDLQV LQFOXGH WKH EXLOW HQYLURQPHQW WKH VRFLDO HQYLURQPHQW DQG WKH QDWXUDO
HQYLURQPHQWZKLFKDUH UHFRJQLVHGDVFULWLFDO WHFKQLFDOGRPDLQV UHODWLQJ WR0$67KH ILYH
UHVHDUFKWKHPHVIRFXVRQVRFLDOLVVXHVWHFKQLFDOLVVXHVHFRQRPLFLVVXHVHQYLURQPHQWDOLVVXHV
DQGSROLWLFDOLVVXHVLH67((3LVVXHVLQPHJDSURMHFWGHYHORSPHQWDQGPDQDJHPHQWZKHQ
VXVWDLQDELOLW\ LV XQGHU FRQVLGHUDWLRQ DFURVV WKH ZKROH OLIH 7DEOH  SURYLGHV D PDWUL[ WR














6RFLDOLVVXHV 6RFLDOQHHGV 6RFLDODFWLYLWLHV 6RFLDOLQWHUDFWLRQV
7HFKQLFDOLVVXHV 7HFKQLFDODVVXUDQFH 7HFKQLFDOXVHIXOQHVV 7HFKQLFDOLQWHUDFWLRQV














































FDQ EH XVHG WR FRQGXFW UHOLDEOH DVVHVVPHQW RQ VSHFLILF WDUJHWV RQ HLWKHU VSHFLILF RU
RYHUDOODVSHFWVUHODWLQJWR67((3LVVXHVDWLQGLYLGXDOZRUNVWDJHVDQGUHVHDUFKZRUN
ZLOO QHHG WR GHDO ZLWK NH\ WHFKQLFDO LVVXHV VXFK DV DVVHVVPHQW FULWHULD HYDOXDWLRQ
WHFKQLTXHVDQGXVHIXOWRROVLHPRGHOVIRU0$6WKURXJKH[SHULPHQWDOFDVHVWXGLHV
LQDGGLWLRQUHVHDUFKZRUNDWWKLVWHUPZLOODOVRQHHGWRFRQVLGHUKRZPRGHOVGHYHORSHG








DVVHVVPHQW 0RUHRYHU DQ HYLGHQFH EDVH ZLOO EH LGHDOO\ GHYHORSHG GXULQJ WKLV WLPH
SHULRG WRZDUGV FRPSXWHU DLGHG DVVHVVPHQW DQG LW FRXOG EH UHO\ RQ D FRPPHUFLDO
VRIWZDUHWRRODWDQLQLWLDOVWDJH
x )RU ORQJ WHUP WKH UHVHDUFK LQWR0$6 LV H[SHFWHG WR IRFXVRQ FRQWLQXRXV DOOURXQG













RXWFRPHV DW LQGLYLGXDO ZRUN VWDJHV VR WKDW WKH WLPH OHQJWK RI NQRZOHGJH H[FKDQJH IURP
UHVHDUFKWRSUDFWLFHFDQEHUHGXFHG%DVHGRQWKLVFRQVLGHUDWLRQRXWFRPHGULYHQUHVHDUFKWDVNV









































































FRYHULQJ UHVHDUFK WKHPHVDQG UHODWHGDUHDV DQGVSHFLILHG UHVHDUFK WDVNVDW LQGLYLGXDOZRUN
VWDJHV ZLWKLQ WKH %,0 SHUYDVLYH ZRUNLQJ HQYLURQPHQW WKURXJKRXW WKH ZKROH OLIH RI
PHJDSURMHFWV %HVLGHV LWV RULJLQDOLW\ LQ WKH VXEMHFW ILHOG RI PHJDSURMHFW VXVWDLQDELOLW\ WKH
UHVHDUFK URDGPDS ZDV EXLOW XSRQ D QRYHO SURFHGXUH RI 0$6 LQ UHIOHFWLRQ WR PHJDSURMHFW









UHVHDUFK WKHPHVDQGUHODWHGDUHDVDORQJVLGH WKHQLQHPLOHVWRQHV WRDFKLHYHVXVWDLQDELOLW\ LQ
PHJDSURMHFWV)URPWKLVSRLQWRIYLHZWKHUHVHDUFKURDGPDSGHVFULEHGLQWKLVSDSHUSURYLGHV

















E\ RULJLQDOO\ SURYLGLQJ D 75,= GULYHQ UHYLHZ LQWR UHODWHG DUHDV WR IRUP WKH VWUXFWXUH RI
06%2.DQGWRGHYHORSDUHVHDUFKURDGPDSIRU0$6LQRUGHUWRVXSSRUWIXUWKHUUHVHDUFKLQ
ILQGLQJLQWHUFRQQHFWHGDQGLQWHJUDWLYHZD\VWRTXDQWLWDWLYHO\PHDVXUH67((3FKDUDFWHULVWLFV
UHODWLQJ WR PHJDSURMHFWV WKURXJK LQGLYLGXDO ZRUN VWDJHV WR ZKROHOLIH VXVWDLQDELOLW\ ,W LV
H[SHFWHG WKDW WKH UHVHDUFK GHVFULEHG KHUH FRXOG PDNH D JRRG FRQWULEXWLRQ WR WKH ERG\ RI
NQRZOHGJH LQPHJDSURMHFWPDQDJHPHQW IRU DFKLHYLQJFRQWLQXRXV UHVHDUFKDGYDQFHPHQWRQ
UHOLDEOHVXVWDLQDELOLW\DVVHVVPHQWVRDVWRVXSSRUWZHOOLQIRUPHGGHFLVLRQPDNLQJDFURVVDOO
ZRUN VWDJHV ,Q DGGLWLRQ WR LWV XVHIXOQHVV RQ WKH GHYHORSPHQW RI LQGLYLGXDO UHVHDUFK WDVNV
LQFOXGLQJ D QRYHO HYLGHQFH EDVH WKH QHZ UHVHDUFK URDGPDS FDQ DOVR VWURQJO\ VXSSRUW WKH
GHYHORSPHQW RI D QHZ UHVHDUFK FOXVWHU WR IRVWHU LQWHUQDWLRQDO OHDGLQJ UHVHDUFK LQWR WKH
DVVHVVPHQWRIPHJDSURMHFWVXVWDLQDELOLW\%DVHGRQZKDWKDYHEHHQDFKLHYHGDWWKHSUHOLPLQDU\





































%XLOGLQJ $VVHW 0DQDJHPHQW $VVRFLDWLRQ RI 5HVHDUFKHUV LQ &RQVWUXFWLRQ 0DQDJHPHQW $5&20
*ODVJRZ8.



























5HGHYHORSPHQW 3ODQ LQ 6DPHQ 'LVWULFW RI 0DVKKDG ,QWHUQDWLRQDO -RXUQDO RI $UFKLWHFWXUH DQG 8UEDQ
'HYHORSPHQW
6NDQVND6NDQVND6XVWDLQDELOLW\UHSRUW6NDQVND$%6ZHGHQ
7KH&URZQ(VWDWH7KH&URZQ(VWDWH$QQXDO5HSRUWDQG$FFRXQWV7KH&URZQ(VWDWH/RQGRQ

 
$SSHQGL[&OXVWHUVRIUHVHDUFKWDVNVIRU0$6

3URMHFWVWDJH
DQG
VXVWDLQDELOLW\
PLOHVWRQHV
7LPHVFDOHDQGIRFXVHVIRUUHVHDUFKLQWR0$6
6KRUWWHUP 0HGLXPWHUP /RQJWHUP
3ODQQLQJ
VWDJH
0$
$VVHVVPHQWRI
VWUDWHJ\
0%
$VVHVVPHQWRI
SUHSDUDWLRQ
DQGEULHI
'HILQLQJFULWHULDWR
HYDOXDWHSURMHFWVWUDWHJLHV
VSHFLILFDWLRQVDQG
IHDVLELOLW\HWF
'HYHORSLQJHYDOXDWLRQ
PRGHOVIRUSRVVLEOHXVDJH
E\GHYHORSHUVDQGORFDO
DXWKRULWLHV
&ROOHFWLQJHYLGHQFHIRU
0$6DWSODQQLQJVWDJH
,PSURYLQJFULWHULDDQG
PRGHOVWRHYDOXDWHSURMHFW
VWUDWHJLHVVSHFLILFDWLRQVDQG
IHDVLELOLW\HWF
'HYHORSLQJHYDOXDWLRQ
WRRONLWVIRUGHYHORSHUVDQG
ORFDODXWKRULWLHV
&ROOHFWLQJPRUHHYLGHQFHIRU
GHYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWSODQQLQJVWDJH
,PSURYLQJPRGHOVDQGWRRONLWV
WRHYDOXDWHSURMHFWVWUDWHJLHV
VSHFLILFDWLRQVDQGIHDVLELOLW\
HWF
'HYHORSLQJHYDOXDWLRQ
V\VWHPVIRUSRVVLEOHXVDJHE\
GHYHORSHUVDQGORFDO
DXWKRULWLHV
'HYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWSODQQLQJVWDJH
'HVLJQVWDJH
0&&RQFHSW
GHVLJQ
DVVHVVPHQW
0'
'HYHORSHG
GHVLJQ
DVVHVVPHQW
0(7HFKQLFDO
GHVLJQ
DVVHVVPHQW
'HILQLQJFULWHULDWR
HYDOXDWHDUFKLWHFWXUDODQG
HQJLQHHULQJGHVLJQZLWK
VSHFLILFDWLRQV
'HYHORSLQJHYDOXDWLRQ
PRGHOVIRUSRVVLEOHXVDJH
E\GHVLJQHUVRWKHU
FRQWUDFWRUVDQGGHYHORSHUV
&ROOHFWLQJHYLGHQFHIRU
0$6DWGHVLJQVWDJH
,PSURYLQJFULWHULDDQG
PRGHOVWRHYDOXDWH
DUFKLWHFWXUDODQGHQJLQHHULQJ
GHVLJQZLWKVSHFLILFDWLRQV
'HYHORSLQJHYDOXDWLRQ
WRRONLWVIRUSRVVLEOHXVDJHE\
GHVLJQHUVRWKHUFRQWUDFWRUV
DQGGHYHORSHUV
&ROOHFWLQJPRUHHYLGHQFHIRU
GHYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWGHVLJQVWDJH
,PSURYLQJPRGHOVDQGWRRONLWV
WRHYDOXDWHDUFKLWHFWXUDODQG
HQJLQHHULQJGHVLJQZLWK
VSHFLILFDWLRQV
'HYHORSLQJHYDOXDWLRQ
V\VWHPVIRUSRVVLEOHXVDJHE\
GHVLJQHUVRWKHUFRQWUDFWRUVDQG
GHYHORSHUV
'HYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWGHVLJQVWDJH
&RQVWUXFWLRQ
VWDJH
0)
$VVHVVPHQWRI
FRQVWUXFWLRQ
0*
$VVHVVPHQWRI
KDQGRYHU
'HILQLQJFULWHULDWR
HYDOXDWHFRQVWUXFWLRQ
VWUDWHJLHVSODQVDFWLYLWLHV
DQGUHVRXUFHVXVDJHVHWF
'HYHORSLQJHYDOXDWLRQ
PRGHOVIRUSRVVLEOHXVDJH
E\FRQVWUXFWLRQFRQWUDFWRUV
DQGGHYHORSHUV
&ROOHFWLQJHYLGHQFHIRU
0$6DWFRQVWUXFWLRQVWDJH
,PSURYLQJFULWHULDDQG
PRGHOVWRHYDOXDWH
FRQVWUXFWLRQVWUDWHJLHVSODQV
DFWLYLWLHVDQGUHVRXUFHV
XVDJHVHWF
'HYHORSLQJHYDOXDWLRQ
WRRONLWVIRUSRVVLEOHXVDJHE\
FRQVWUXFWLRQFRQWUDFWRUVDQG
GHYHORSHUV
&ROOHFWLQJPRUHHYLGHQFHIRU
GHYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWFRQVWUXFWLRQVWDJH
,PSURYLQJPRGHOVDQGWRRONLWV
WRHYDOXDWHFRQVWUXFWLRQ
VWUDWHJLHVSODQVDFWLYLWLHVDQG
UHVRXUFHVXVDJHVHWF
'HYHORSLQJHYDOXDWLRQ
V\VWHPVIRUSRVVLEOHXVDJHE\
FRQVWUXFWLRQFRQWUDFWRUVDQG
GHYHORSHUV
'HYHORSLQJDQHYLGHQFHEDVH
IRU0$6DWFRQVWUXFWLRQVWDJH
2SHUDWLRQ
VWDJH
0+
$VVHVVPHQWRI
RSHUDWLRQ
'HILQLQJFULWHULDWR
HYDOXDWHRSHUDWLRQ
VWUDWHJLHVSODQVDFWLYLWLHV
DQGUHVRXUFHVXVDJHVHWF
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